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1
ARRAY SUBSTRATE AND DISPLAY DEVICE

FIELD OF THE INVENTION

The present invention relates to the field of display tech-
nology, and particularly, to an array substrate and a method
fabricating an array substrate, and a display device.

BACKGROUND OF THE INVENTION

With the development of information and network, elec-
tronic display techniques have been widely used. Currently,
liquid crystal display (LCD) display devices and active
matrix/organic light emitting diode (AMOLED) display
devices are popular. LCD and AMOLED display devices are
generally driven using active matrix driving techniques, such
as techniques for driving thin film transistor (TFT) array
substrate.

Existing array substrates usually employ one-sided gate
structure, an array substrate with one-sided gate structure has
only a conductive channel existing at a side close to the gate
when being turned on, and electrons are very likely to be
scattered during their moving, which results in low mobility
and limits performance of the array substrate.

SUMMARY OF THE INVENTION

(1) Technical Problems to be Solved

Technical problems to be solved by the present invention
are: providing an array substrate, a method for fabricating the
array substrate, and a display device to improve performance
of the array substrate, and improve driving ability and sub-
threshold characteristics of the array substrate as well,
directed to deficiencies in the prior art.

(2) Technical Solutions

To solve the above problems, the present invention pro-
vides an array substrate, which includes: a base substrate; a
TFT, a gate line, a data line and a pixel electrode formed on
the base substrate, the TFT includes: a bottom gate, a first gate
insulating layer, an active layer, a second gate insulating
layer, a top gate, a gate isolation layer and a source electrode
and a drain electrode sequentially formed on the base sub-
strate; wherein, the source electrode and the drain electrode
are in contact with the active layer through a first via hole and
a second via hole passing through the gate isolation layer and
the second insulating layer, respectively; the pixel electrode is
in contact with the drain electrode.

Wherein, the array substrate further includes: a flattening
layer located between the TFT and the pixel electrode, the
flattening layer does not cover a third via hole through which
the drain electrode is in contact with the pixel electrode.

Wherein, the array substrate further includes a nickel layer,
the nickel layer is disposed between the source electrode and
the active layer and/or between the drain electrode and the
active layer.

Wherein, a thickness of the top gate is in the range of 150
nm-300 nm.

Preferably, the thickness of the top gate is 200 nm.

Wherein, a thickness of the nickel layer is in the range of 20
nm-25 nm.

Wherein, a thickness of the active layer is in the range 0of 20
nm-100 nm,

Wherein, material of the gate isolation layer includes SiO,
and/or SiN..

The present invention further provides a display device,
characterized in that it includes the above array substrate.
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The present invention further provides a method for fabri-
cating an array substrate, which includes steps:

S1: sequentially forming a bottom gate, a first gate insulat-
ing layer, an active layer and a second gate insulating layer on
abase substrate, wherein a gate line is formed at the same time
as forming the bottom gate;

S2: forming a top gate on the second gate insulating layer;

S3: sequentially forming a gate isolation layer, a source
electrode, a drain electrode and a pixel electrode on the top
gate.

Wherein, before step S2, the method further includes step
S2' including: forming a nickel layer at an area on the active
layer where the source electrode is to be formed and/or an
area on the active layer where the drain electrode is to be
formed, and then performing a heat treatment on the active
layer at a temperature in the range of 500° C.-570° C. for 2
hours in en atmosphere of H,.

Wherein, before step S3, the method further includes step
S3' including: doping the active layer subjected to the heat
treatment in step S2'.

Wherein, step S3 includes: forming an insulating film on
the substrate formed in step S3', forming a first via hole and a
second via hole at an area where the source electrode is to be
formed and an area where the drain electrode is to be formed,
respectively, through a patterning process, and exposing the
active layer by the first via hole and the second via hole;

forming a source-drain metal film, forming patterns of the
source electrode and the drain electrode through a patterning
process, and forming a data line at the same time as forming
the patterns of the source electrode and the drain electrode;

forming a flattening layer film, forming a third via hole at
an area corresponding to the drain electrode in the flattening
layer film through a patterning process, so as to form a pattern
of' the flattening layer; and

forming a transparent conductive film, and forming a pat-
tern of the pixel electrode through a patterning process, the
pixel electrode being in contact with the drain electrode;

wherein, the flattening layer formed between the TFT and
the pixel electrode does not cover the third via hole through
which the drain electrode is in contact with the pixel elec-
trode.

(3) Beneficial Effects

The array substrate provided by the present invention
employs a two-sided gate structure, that is, gates are formed at
both sides of the active layer, an array substrate with the
two-sided gate structure has conductive channels existing at
both sides of the active layer when being turned on, carriers
are not likely to be scattered during their moving, forming
inversion layers at both upper and lower surfaces at the same
time can be achieved in a situation where a proper silicon film
(active layer) is selected, carrier concentrations in the inver-
sion layers at both upper and lower surfaces increase rapidly
with increase of gate voltage in a situation where the silicon
film is fully depleted, and driving ability, and sub-threshold
and frequency response characteristics of the array substrate
are closer to an ideal state.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a structural schematic diagram of an array sub-
strate of Embodiment 1 of the present invention;

FIG. 2 is a structural schematic diagram of an array sub-
strate of Embodiment 2 of the present invention;

FIG. 3 is a flow chart of a method for fabricating an array
substrate of Embodiment 4 of the present invention;
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FIGS. 410 12 are structural schematic diagrams illustrating
the method for fabricating an array substrate of Embodiment
4 of the present invention;

FIG. 13 is a flow chart of a method for fabricating an array
substrate of Embodiment 5 of the present invention;

FIGS. 14 and 15 are structural schematic diagrams illus-
trating the method for fabricating an array substrate of
Embodiment 5 of the present invention;

Wherein, 11: substrate; 12: bottom gate; 13: first gate insu-
lating layer; 14: active layer; 15: nickel layer; 16: second gate
insulating layer; 17: top gate; 18: gate isolation layer; 19:
source electrode; 110: drain electrode; 111: flattening layer;
112: pixel electrode; 191: first via hole; 1101: second via
hole; 1111: third via hole.

DETAILED DESCRIPTION OF EMBODIMENTS

Specific implementations of the present invention will be
further described below in details with reference to the draw-
ings and the embodiments. The below embodiments are used
to explain the present invention, but not used to limit the scope
the present invention.

Embodiment 1

As illustrated in FIG. 1, the present invention provides an
array substrate, which includes: a base substrate 11, a TFT, a
gate line, a data line and a pixel electrode 112 formed on the
base substrate 11, the TFT includes: a bottom gate 12, a first
gate insulating layer 13, an active layer 14, a second gate
insulating layer 16, a top gate 17, a gate isolation layer 18 and
a source electrode 19 and a drain electrode 110 sequentially
formed on the base substrate 11, wherein material of the gate
isolation layer 18 includes SiO, and/or SiN_.

In this embodiment, forming inversion layers at both upper
and lower surfaces of a silicon film at the same time can be
achieved in a situation where a proper silicon film is selected,
carrier concentrations in the inversion layers of both upper
and lower surfaces increase rapidly with the increase of gate
voltage in a situation where the silicon film is fully depleted,
and the driving ability and sub-threshold and frequency
response characteristics of the array substrate are closer to an
ideal state.

Wherein, the source electrode 19 and the drain electrode
110 are in contact with the active layer 14 through a first via
hole 191 and a second via hole 1101 passing through the gate
isolation layer 18 and the second insulating layer 16 (refer-
ring to FIG. 10), respectively; the pixel electrode 112 is in
contact with the drain electrode 110.

The array substrate further includes: a flattening layer 111
located between the TFT and the pixel electrode 112, the
flattening layer 111 does not cover a third via hole 1111
(referring to FIG. 12) through which the drain electrode 110
is in contact with the pixel electrode 112.

A thickness of the top gate 17 is in the range of 150 nm-300
nm, and preferably is 200 nm; the active layer 14 is an .-Si
film, and has a thickness in the range of 20 nm-100 nm.

The first insulating layer 13 includes: SiO, and SiN,,
wherein a part close to the bottom gate 12 uses SiN,, and a
part close to the active layer 14 uses SiO,.

The second insulating layer 16 includes: SiO, and SiN,,
wherein a part close to the top gate 17 uses SiN,, and a part
close to the active layer 14 uses SiO,.

Embodiment 2

As illustrated in FIG. 2, the array substrate of this embodi-
ment has a structure substantially the same as that of the array
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substrate of Embodiment 1, and also includes: a base sub-
strate 11, a TFT, a gate line, a data line and a pixel electrode
112 formed on the base substrate 11, the TFT includes: a
bottom gate 12, a first gate insulating layer 13, an active layer
14, a second gate insulating layer 16, a top gate 17, a gate
isolation layer 18 and a source electrode 19 and a drain
electrode 110 sequentially formed on the base substrate 11,
wherein the gate isolation layer 18 includes SiN,.

Wherein, the source electrode 19 and the drain electrode
110 are in contact with the active layer 14 through a first via
hole 191 and a second via hole 1101 passing through the gate
isolation layer 18 and the second insulating layer 16, respec-
tively; the pixel electrode 112 is in contact with the drain
electrode 110.

The array substrate further includes: a flattening layer 111
located between the TFT and the pixel electrode 112, the
flattening layer 111 does not cover a third via hole 1111
(referring to FIG. 12) through which the drain electrode 110
is in contact with the pixel electrode 112.

A thickness of the top gate 17 is in the range of 150 nm-300
nm, and preferably is 200 nm; the active layer 14 is an .-Si
film, and has a thickness in the range of 20 nm-100 nm.

The first insulating layer 13 includes: SiO, and SiN,,
wherein a part close to the bottom gate 12 uses SiN,, and a
part close to the active layer 14 uses SiO,.

The second insulating layer 16 includes: SiO, and SiN_,
wherein a part close to the top gate 17 uses SiN,, and a part
close to the active layer 14 uses SiO,.

The difference between the array substrates of the above
two embodiment exists in that the TFT further includes a
nickel layer 15, the nickel layer 15 is disposed between the
source electrode 19 and the active layer 14, and a thickness of
the nickel layer 15 is in the range of 20 nm-25 nm.

The nickel layer 15 can induce lateral crystallization of the
active layer (the a-Si film), which effectively reduces phase
change energy of a crystallization process, the converted
active layer is in a polycrystalline state, and high mobility of
polysilicon helps to improve performance of a TFT device.

Embodiment 3

The array substrate of this embodiment has a structure
substantially the same as those of the array substrates of
Embodiment 1 and Embodiment 2, and also includes: a base
substrate 11, a TFT, a gate line, a data line and a pixel elec-
trode 112 formed on the base substrate 11, the TFT includes:
a bottom gate 12, a first gate insulating layer 13, an active
layer 14, a second gate insulating layer 16, a top gate 17, a
gate isolation layer 18 and a source electrode 19 and a drain
electrode 110 sequentially formed on the base substrate 11,
wherein the gate isolation layer 16 includes SiO,.

Wherein, the source electrode 19 and the drain electrode
110 are in contact with the active layer 14 through a first via
hole 191 and a second via hole 1101 passing through the gate
isolation layer 18 and the second insulating layer 16, respec-
tively; the pixel electrode 112 is in contact with the drain
electrode 110.

The array substrate further includes: a flattening layer 111
located between the TFT and the pixel electrode 112, the
flattening layer 111 does not cover a third via hole 1111
(referring to FIG. 12) through which the drain electrode 110
is in contact with the pixel electrode 112.

A thickness of the top gate 17 is in the range of 150 nm-300
nm, and preferably is 200 nm; the active layer 14 is an .-Si
film, and has a thickness in the range of 20 nm-100 nm.
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The first insulating layer 13 includes: SiO, and SiN,,
wherein a part close to the bottom gate 12 uses SiN,, and a
part close to the active layer 14 uses SiO,.

The second insulating layer 16 includes: SiO, and SiN,,
wherein a part close to the top gate 17 uses SiN, and a part
close to the active layer 14 uses SiO,.

Embodiment 3 differs from the Embodiment 2 in that a
nickel layer 15 included in the array substrate is disposed
between the drain electrode 110 and the active layer 14, or
disposed between the source electrode 19 and the active layer
14 and between the drain electrode 110 and the active layer
14; a thickness of the nickel layer 15 is in the range, of 20
nm-25 nm.

Embodiment 4

As illustrated in FIG. 3 and referring to FIGS. 4 to 12, the
present invention also provides a method for fabricating an
array substrate, which includes steps:

S1: as illustrated in FIGS. 4 to 6, sequentially forming a
bottom gate 12, a first gate insulating layer 13, an active layer
14 and a second gate insulating layer 16 on a base substrate
11, wherein a gate line is formed at the same time as forming
the bottom gate 12;

S2: as illustrated in FIG. 7, forming a top gate 17 on the
second gate insulating layer 16;

S3': as illustrated in FIG. 8, doping the active layer 14;

S3: as illustrated in FIGS. 9-12 and FIG. 1, sequentially
forming a gate isolation layer 18, a source electrode 19, a
drain electrode 110, a flattening layer 111 and a pixel elec-
trode 112 illustrated in FIG. 1 on the top gate 17.

S3 specifically includes: forming an insulating film on the
substrate formed by step of S3', forming a first via hole 191
and a second via hole 1101 at an area where the source
electrode 19 is to be formed and an area where the drain
electrode 110 is to be formed, respectively, through a pattern-
ing process, and exposing the active layer 14 by the first via
hole 191 and the second via hole 1101;

forming a source-drain metal film, forming patterns of the
source electrode 19 and the drain electrode 110 through a
patterning process, and forming a data line at the same time as
forming the patterns of the source electrode 19 and the drain
electrode 110;

forming a flattening layer film, forming a third via hole
1111 at an area corresponding to the drain electrode 110 in the
flattening layer film through a patterning process, so as to
form a pattern of the flattening layer 111 (referring to FIG.
12); and

forming a transparent conductive film, forming a pattern of
the pixel electrode 112 through a patterning process, and the
pixel electrode 112 is in contact with the drain electrode 110.

Wherein, the flattening layer 111 formed between the TFT
and the pixel electrode 112 does not cover the third via hole
1111 through which the drain electrode 110 is in contact with
the pixel electrode 112.

Embodiment 5

As illustrated in FIGS. 4 to 12, the method for fabricating
an array substrate of this embodiment is substantially the
same as that of Embodiment 4, which includes:

S1: sequentially forming a bottom gate 12, a first gate
insulating layer 13, an active layer 14 and a second gate
insulating layer 16 on a base substrate 11, wherein a gate line
is formed at the same time as forming the bottom gate 12;

S2: forming a top gate 17 on the second gate insulating
layer 16;
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S3": doping the active layer 14;

S3: sequentially forming a gate isolation layer 18, a source
electrode 19, a drain electrode 110, a flattening layer 111 and
a pixel electrode 112 illustrated in FIG. 1 on the top gate 17.

S3 specifically includes: forming an insulating film on the
substrate formed by step of S3', forming a first via hole 191
and a second via hole 1101 at an area where the source
electrode 19 is to be formed and an area where the drain
electrode 110 is to be formed, respectively, through a pattern-
ing process, and exposing the active layer 14 by the first via
hole 191 and the second via hole 1101;

forming a source-drain metal film, forming patterns of the
source electrode 19 and the drain electrode 110 through a
patterning process, and forming a data line at the same time as
forming the patterns of the source electrode 19 and the drain
electrode 110;

forming a flattening layer film, forming a third via hole
1111 at an area corresponding to the drain electrode 110 in the
flattening layer film through a patterning process, so as to
form a pattern of the flattening layer 111 (referring to FIG.
12); and

forming a transparent conductive film, forming a pattern of
the pixel electrode 112 through a patterning process, and the
pixel electrode 112 is in contact with the drain electrode 110.

Wherein, the flattening layer 111 formed between the TFT
and the pixel electrode 112 does not cover the third via hole
1111 through which the drain electrode 110 is in contact with
the pixel electrode 112.

Embodiment 5 differs from Embodiment 4 in that, as illus-
trated in FIG. 13 and referring to FIGS. 14 and 15, this
embodiment further includes S2' before S2, and S2' includes:
forming a nickel layer 15 at an area on the active layer 14
where the source electrode 19 is to be formed, and then
performing a heat treatment on the active layer 14 at a tem-
perature of 500° C. for 2 hours in an atmosphere of H,,.

Adding metal Ni onto the active layer (the -Si film) can
effectively reduce energy of phase change converting from
a-Sito P—Si, the converted active layer is in a polycrystalline
state, and lateral crystallization can be achieved, and such a
process is a metal-induced lateral crystallization process
(MILC process).

In this embodiment, a MILC process is employed, a nickel
layer is deposited on the surface of an amorphous silicon film
using a sputtering process, the amorphous silicon can be
converted into polysilicon at a suitable temperature, and
induced lateral crystallization is further achieved. This
method effectively reduces energy of phase change in a crys-
tallization process, and high mobility of polysilicon helps to
improve performance of a device. The structure with two
gates can make the carriers in sub-threshold state away from
a Si—Si0, interface, which effectively reduces scattering of
carriers in channel which results from the fact that they col-
lide with too many defects when drifting under the source-
drain electric field, and thus significantly improving mobility.

Embodiment 6

The method for fabricating an array substrate of this
embodiment is substantially the same as that of Embodiment
5, which also includes:

S1: sequentially forming a bottom gate 12, a first gate
insulating layer 13, an active layer 14 and a second gate
insulating layer 16 on a base substrate 11, wherein a gate line
is formed at the same time as forming the bottom gate 12;

S2: forming a top gate 17 on the second gate insulating
layer 16;

S3": doping the active layer 14;
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S3: sequentially forming a gate isolation layer 18, a source
electrode 19, a drain electrode 110, a flattening layer 111 and
a pixel electrode 112 illustrated in FIG. 1 on the top gate 17.

S3 specifically includes: forming an insulating film on the
substrate formed in step S3', forming a first via hole 191 and
a second via hole 1101 at an area where the source electrode
19 is to be formed and an area where the drain electrode 110
is to be formed, respectively, through a patterning process,
and exposing the active layer 14 by the first via hole 191 and
the second via hole 1101;

forming a source-drain metal film, forming patterns of the
source electrode 19 and the drain electrode 110 through a
patterning process, and forming a data line at the same time as
forming the patterns of the source electrode 19 and the drain
electrode 110;

forming a flattening layer film, forming a third via hole
1111 at an area corresponding to the drain electrode 110 in the
flattening layer film through a patterning process, so as to
form a pattern of the flattening layer 111 (referring to FIG.
12); and

forming a transparent conductive film, forming a pattern of
the pixel electrode 112 through a patterning process, and the
pixel electrode 112 is in contact with the drain electrode 110.

Wherein, the flattening layer 111 formed between the TFT
and the pixel electrode 112 does not cover the third via hole
1111 through which the drain electrode 110 is in contact with
the pixel electrode 112.

Embodiment 6 differs from Embodiment 5 in that this
embodiment further includes S2' before S2. and S2' includes:
forming a nickel layer 15 at an area on the active layer 14
where the drain electrode 110 is to be formed, and then
performing a heat treatment on the active layer 14 at a tem-
perature of 540° C. for 2 hours in an atmosphere of H,,.

Embodiment 7

The method for fabricating an array substrate of this
embodiment is substantially the same as that of Embodiment
6 which also includes:

S1: sequentially forming a bottom gate 12, a first gate
insulating layer 13, an active layer 14 and a second gate
insulating layer 16 on a base substrate 11, wherein a gate line
is formed at the same time as forming the bottom gate 12;

S2: forming a top gate 17 on the second gate insulating
layer 16;

S3': doping the active layer 14;

S3: sequentially forming a gate isolation layer 18, a source
electrode 19, a drain electrode 110, a flattening layer 111 and
a pixel electrode 112 illustrated in FIG. 1 on the top gate 17.

S3 specifically includes: forming an insulating film on the
substrate formed in step S3', forming a first via hale 191 and
a second via hole 1101 at an area where the source electrode
19 is to be formed and an area where the drain electrode 110
is to be formed, respectively, through a patterning process,
and exposing the active layer 14 by the first via hole 191 and
the second via hole 1101;

forming a source-drain metal film, forming patterns of the
source electrode 19 and the drain electrode 110 through a
patterning process, and forming a data line at the same time as
forming the patterns of the source electrode 19 and the drain
electrode 110;

forming a flattening layer film, forming a third via hole
1111 at an area corresponding to the drain electrode 110 in the
flattening layer film through a patterning process, so as to
form a pattern of the flattening layer 111 (referring to FIG.
12); and
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forming a transparent conductive film, forming a pattern of
the pixel electrode 112 through a patterning process, and the
pixel electrode 112 is in contact with the drain electrode 110.

Wherein, the flattening layer 111 formed between the TFT
and the pixel electrode 112 does not cover the third via hole
1111 through which the drain electrode 110 is in contact with
the pixel electrode 112.

Embodiment 7 differs from Embodiments 6 and 5 in that
this embodiment further includes S2' before S2. and S2'
includes: forming a nickel layer 15 at an area on the active
layer 14 where the source electrode 19 is to be formed and an
area on the active layer 14 where the drain electrode 110 is to
be formed, and then performing a heat treatment on the active
layer 14 at a temperature of 570° C. for 2 hours in an atmo-
sphere of H,.

Embodiment 8

This embodiment provides a display device, which
includes the array substrate described in any of the above
embodiments.

The above implementations are only used to explain the
present invention, but not to limit the present invention, the
person skilled in the art can make various variations and
modifications without departing from the spirit and scope of
the present invention, therefore, all equivalent technical solu-
tions fall within the scope of the present invention, and the
protection scope of the present invention should be defined by
the claims.

The invention claimed is:

1. An array substrate, comprising:

a base substrate; and

a TFT, a gate line, a data line and a pixel electrode formed

on the base substrate, wherein
the TFT includes: a bottom gate, a first gate insulating
layer, an active layer, a second gate insulating layer, a top
gate, a gate isolation layer and a source electrode and a
drain electrode sequentially formed on the base sub-
strate;
wherein, the source electrode and the drain electrode are in
contact with the active layer through a first via hole and
asecond viahole passing through the gate isolation layer
and the second insulating layer, respectively; the pixel
electrode is in contact with the drain electrode, and

wherein the array substrate further includes a nickel layer,
and the nickel layer is disposed between the source
electrode and the active layer and/or between the drain
electrode and the active layer.

2. The array substrate of claim 1, wherein the array sub-
strate further includes a flattening layer located between the
TFT and the pixel electrode, and the flattening layer does not
cover a third via hole through which the drain electrode is in
contact with the pixel electrode.

3. The array substrate of claim 1, wherein a thickness of the
top gate is in the range of 150 nm-300 nm.

4. The array substrate of claim 3, wherein the thickness of
the top gate is 200 nm.

5. The array substrate of claim 1, wherein a thickness of the
nickel layer is in the range of 20 nm-25 nm.

6. The array substrate of claim 1, wherein a thickness of the
active layer is in the range of 20 nm-100 nm.

7. The array substrate of claim 1, wherein material of the
gate isolation layer includes SiO, and/or SiN,.

8. A display device, including the array substrate according
to claim 1,

wherein the array substrate further includes a nickel layer,

and the nickel layer is disposed between the source
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electrode and the active layer and/or between the drain
electrode and the active layer.

9. The display device of claim 8, wherein the array sub-
strate further includes a flattening layer located between the
TFT and the pixel electrode, and the flattening layer does not
cover a third via hole through which the drain electrode is in
contact with the pixel electrode.

10. The display device of claim 8, wherein a thickness of
the top gate is in the range of 150 nm-300 nm.

11. The display device of claim 10, wherein the thickness
of the top gate is 200 nm.

12. The display device of claim 8, wherein a thickness of
the nickel layer is in the range of 20 nm-25 nm.

13. The display device of claim 8, wherein a thickness of
the active layer is in the range of 20 nm-100 nm.

14. The display device of claim 8, wherein material of the
gate isolation layer includes SiO, and/or SiN..
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